INTRODUCTION
Over the past 20 years, studying how livelihoods, and in particular agricultural livelihoods, are vulnerable to a range of threats has emerged as an important body of literature. One approach has been to disaggregate the problems people face to focus on a single threat, such as drought or an increase in crop prices, to develop an in-depth understanding of the ways in which people respond and adapt. However, the reality is that social, economic, political, and biophysical factors interact to generate vulnerability and affect decision making in complex and dynamic social-ecological systems (Kasperson and Kasperson 2001 , Adger 2006 , Reid and Vogel 2006 . In climate change research, it is increasingly recognized that adaptation decisions are not undertaken exclusively in response to changes in climate but involve trade-offs to reduce the risks from a range of interacting and dynamic stresses such as unemployment, inadequate basic services, food insecurity, and disease (Parry et al. 2005) . Although communities and societies may have developed knowledge of and responses to environmental stresses such as droughts and floods (National Research Council 1999 , Smit et al. 1999 , changing climate patterns coupled with other problems such as a rise in diseases like HIV/AIDS and increasing demands for water, may expose people to new and unfamiliar conditions (African Development Bank et al. 2003 , Thomas et al. 2005 , Ziervogel and Taylor 2008 . These new combinations of circumstances may also lead to more episodes when people are forced to sell assets to meet immediate needs, thereby increasing their long-term vulnerability (Watts 1983 , African Development Bank et al. 2003 .
Individual adaptation decisions tend to take place in the context of decision making processes at Ecology and Society 16(3): 2 http://www.ecologyandsociety.org/vol16/iss3/art2/ different geographic scales and institutional levels, across the public, private, and civil society spheres (Thomas et al. 2005, Reid and Vogel 2006) . These processes may interact to produce unexpected outcomes that potentially conflict and increase vulnerability. For example, in response to late onset of the rains, individuals may delay planting food crops, while local governments may prioritize water supply to the commercial sector. This may lead to greater supply of food to local markets. However, individuals may be less capable of purchasing it without produce of their own to sell, and so become more food insecure. Therefore, research that investigates how people cope with multiple stresses, including climate change, must work within a framework that allows individual decisions to be situated within broader policy and land use changes.
In light of these challenges, this paper uses a mixture of qualitative and quantitative methods, including the use of a stated preference survey, to accomplish three key objectives: (1) to identify the drivers of agroecosystem change within the context of two rural villages in the Sekhukhune District of South Africa to determine whether the agroecosystem on which people depend is becoming more vulnerable to changes in weather patterns; (2) to understand the interaction of multiple stresses on the adaptation decisions of different households to demonstrate how these different stresses influence households' ability to cope with droughts; and (3) to determine the ability of local institutions to support individual/ household adaptation strategies in the study region. In meeting these objectives, this paper will provide empirical evidence that will enhance our understanding of vulnerable and complex agroenvironmental systems and how a range of possible stresses may increase the vulnerability of different households' livelihoods to climate change.
SOUTH AFRICA CONTEXT
Nowhere are the issues of livelihood vulnerability to multiple stresses more prevalent than in South Africa where extreme weather is common and both droughts and floods occur frequently (Department of Tourism 2004) . In 2000, severe floods affected northern South Africa, Mozambique, and Zimbabwe causing 600 deaths and severely damaging infrastructure (Fauchereau et al. 2003) . Research suggests that rainfall will become more intense and that droughts will become more frequent in the future (Fauchereau et al. 2003 , Christensen et al. 2007 ). These trends have serious implications for water management that relies on large storage dams that are sensitive to changes in rainfall, runoff, and evaporation rates (Department of Tourism 2004) . Even where groundwater is used, water table levels and recharge rates will also be affected by shifts in climate (Bouraoui et al. 1999) . These effects will be compounded by the increased demands associated with hotter and drier conditions. Although the National Water Act has seen access to water in rural areas increase to 71% in 2006, this still leaves approximately 8.2 million people with inadequate or no access to piped water (Department of Environmental Affairs 2010).
Climate change is also expected to have significant health impacts in South Africa by increasing the risks of water-borne diseases such as cholera and diarrhea during intense rainfall events, dehydration during droughts, and strokes and skin cancers linked to higher temperatures (Department of Tourism 2004) . This comes on the back of enormous existing health problems, particularly HIV/AIDS. Currently, 5.5 million people are living with HIV/AIDS in South Africa and approximately 18.8% of all adults aged 15-49 have the disease (UNAIDS 2006). As a result of HIV/AIDS and other diseases, life expectancy is only 49 for women and 47 for men (Haddad and Gillespie 2001) . The result of this is that the number of working adults is decreasing, leaving children and the elderly with little or no household income (Drimie and Mousseau 2004) . Caring for someone with HIV/AIDS also is a severe drain on household resources and savings, often leaving households on a "downward trajectory of struggle" (SADC FANR 2003:14) . These factors combine to increase food insecurity in light of climate change by reducing their ability to produce or acquire food (Boudreau and Holleman 2002 , SADC FANR 2003 , Ziervogel and Drimie 2008 .
METHODS
In this paper we follow Fraser (2007) and Fraser et al. (2011) in defining vulnerability to climate change as the consequence of agroecosystem capacity to absorb environmental stresses, the socioeconomic capacity of households to adapt, and institutional capacity to respond. This framework is useful for examining adaptation to multiple stresses in rural South Africa because, as Fraser et al. (2011) point out, the "social and ecological context is as important as the shock itself." The extent to which http://www.ecologyandsociety.org/vol16/iss3/art2/ households are exposed to stress comes not only from the environmental stress itself, such as a lack of water because of drought, but from changes in agroecosystem conditions, from changes in their capacity to access resources (Sen 1981) that allow them to make adaptation decisions, and the extent to which collective responses through local and national institutions mitigate against environmental stresses (Ostrom et al. 1999 , Ostrom 2001 . As a result, understanding vulnerability becomes a process of understanding the impact of multiple stresses that are agroecological, socioeconomic, and institutional in nature.
Data were collected between January and February 2006 using a combination of qualitative and quantitative methods. To assess agroecosystem capacity, a review of qualitative data and current literature on agroecosystems in Sekhukhune District was carried out. Published literature and reports produced by the Food Insecurity and Vulnerability Information and Mapping Systems (FIVIMS) project were analyzed and coded in NVivo 8 (QSR International) according to the dimensions of diversity, connectivity, and productivity used in the Panarchy framework, to infer changes in resilience over time (Holling and Gunderson 2002) . This was supported by coding of interview and focus group transcripts according to the same dimensions.
To assess household adaptation decision making, semistructured interviews were carried out with members from a purposively selected sample of households (n = 17) from two villages, Ga-Selala and Mohlotsi, based on participation in previous FIVIMS research. Most (14 out of 17) of the interviewees were women and some were household heads (9 out of 14) whereas the rest of the female interviewees had husbands who were working away from the village. These interviews established household characteristics, activities, sources of income and expenses, social networks, challenges to food security, coping and adaptation strategies, and sources of support. Coping strategies were defined as mostly short-term ways in which to deal with stresses, whereas adaptation strategies were considered to be longer term adjustments (Brooks et al. 2005) . Following these interviews, two single gender focus groups were held in each village. In addition, a focus group was held in Mohlotsi with the members of various communal groups (total focus group n = 100 approx.). These focus groups also discussed challenges to food security, strategies for coping or adapting, and sources of support, with the aim of identifying consensus views. All interviews and focus groups were transcribed and transcripts were coded and analyzed to answer two key questions: (1) what are the important stresses to which people are exposed, and (2) how do they respond to these stresses?
Information from this qualitative research was then used to develop a stated preference questionnaire that asked people to choose different coping and adaptation strategies in response to a series of stress scenarios, for discrete choice analysis. Discrete choice methods have been developed in a range of disciplines over many years, but have become widely used in the transport sector (Ben-Akiva and Lerman 1985) where they can demonstrate the probability that certain modes of travel will be chosen and to investigate the influence that various factors have in that choice (Ben-Akiva and Lerman 1985) . Discrete choice methods have also become increasingly popular in environmental research where researchers are interested in the choices that people make between alternatives, such as predicting demand for crops under alternative pricing and climatic conditions (Hope 2006) . In discrete choice methods, each individual faces a choice from a set of options, and models of decision making are derived from the responses based on the assumption that normally people will adopt utilitymaximizing behavior, i.e., that individuals will choose between alternatives based on which will give them the best outcomes (Train 2009). The approach was used here to investigate the choice of coping and adaptation strategies made by 100 individuals in Ga-Selala in response to a set of stress scenarios.
From the qualitative interviews we identified the following key stresses: (1) drought; (2) illness; and (3) higher maize prices. These stresses then became the basis of the stated preference questionnaire. In particular, we established a set of possibilities for each of these stresses that covered the range experienced by respondents. In the case of drought, this stress could either be present or not, whereas for length of illness and maize prices there were three possible alternatives. For the stated preference questionnaire, a series of nine different combinations of these stresses were presented to respondents as scenarios (Table 1) and respondents were asked to choose a strategy, from a predetermined list of strategies, they would likely adopt if confronted by the scenario. The strategies were drawn from a total of seven coping and six adaptation strategies ( Table 2 ) that were determined from analysis of the qualitative interviews and from observations by the UNRAVEL project (Casale et al. 2010) . The stated preference questionnaire was translated into the local language (sePedi) and was completed by 100 individuals during a group exercise in which each question was explained in turn using short plays and descriptions (see Fig. 1 ). Incomplete questionnaires were omitted from the analysis leaving a sample number of 650 (65 questionnaires x 10 questions). The discrete choice analysis was carried out using the BIOGEME software package (Bierlaire 2003) .
The third aspect of the method was to assess the capacity of local institutions to help households respond to crises. This was done using semistructured interviews that were carried out with government officials drawn from the Greater Marble Hall and Greater Tubatse municipalities and from Sekhukhune District authorities (n = 9). Interviewees included those involved in local development, community services, primary health care, water services, and environmental matters. The interviews were focused on identifying the issues that the respondents thought were of most concern at district, municipality, and village level, e.g., water scarcity, unemployment, etc., what activities were underway to address these issues, for example, public works programs, and how the issues might be tackled in the future. Climate, water, and health were highlighted where appropriate.
The combination of methods used in this study follows the "qual-quant-qual" framework described by Parker and Kozel (2004) for a similar study in India in which they identified this combination as a valuable methodological approach for understanding poverty and vulnerability. This approach is becoming increasingly common in situations whereby a grounded and contextually detailed understanding of a specific context, and a more general assessment of trends, are both important. Parker and Kozel undertook their qualitative fieldwork to inform the design of the quantitative portion of the research followed by further qualitative interviews to discuss and interpret the results. In the current study, we depart slightly from Parker and Kozel in that we used the second qualitative round to conduct interviews at the municipal and district scale. Although qualitative and quantitative approaches generate different types of information and are useful for answering different kinds of questions, they can be complementary if used in an integrated way.
STUDY SITE
Sekhukhune District, which covers an area of approximately 13,264 km² (Aird and Archer 2004), is high in biodiversity with over 2200 indigenous species of vascular plants in nearly 130 endemic or near endemic taxa found in a variety of bushveld and grassland habitats (Victor et al. 2005) . It is formally designated as the Sekhukhuneland Centre of Plant Endemism Van Wyk 1997, Victor et al. 2005) and is located within the summer rainfall region of South Africa, receiving over 80% of its 500 mm to 800 mm of annual rainfall between November and March (Department of Water Affairs 
RESULTS

Agroecosystem capacity
Holling and Gunderson (2002) identify agroecosystem capacity as being influenced by diversity, connectivity, and productivity. Diversity contributes to the ability of the system to compensate for disturbance while maintaining function. Connectivity determines the speed of return to a prior state after disturbance and the strength of internal connections, while productivity relates to the accumulation of resources in the system. Table 4 shows a summary of evidence from the literature and qualitative data collected on the key drivers of vulnerability of the agroecosystem in Sekhukhune District to changes in weather patterns according to these factors.
Overall, these sources of information suggest that overgrazing of communal areas and the resultant bush encroachment is likely to be driving the system toward decreasing diversity (Victor et al. 2005 , Zanner et al. 2004 . Partly, this is because of overcrowding on communal lands and is a consequence of the apartheid system (Greater Sekhukhune District Municipality 2005), as well as a lack of clear policy and support for appropriate livestock management (Tefera et al. 2004 ). In agriculture, government policy has promoted mono-cropping at a commercial scale whereas markets and social preferences have led maize to dominate in small-scale subsistence farming (Drimie et al. 2009 ). As a result, crop diversity across the region is also likely to be decreasing.
At the same time that vegetation and crop diversity is decreasing, low crop production and reduced yields are being reported (Stronkhorts and Pretorius 2008) . Respondents reported that a key driver of low yields was a lack of sufficient rainfall. "It [the plot] only yields a small amount of food and then only when it rains. This is the first year for a while that the rains have been good" (villager from GaSelala).
The dominance of rainfed maize in small-scale farming means that harvests are kept low and a lack of access to productive land limits the scope for small-scale subsistence farmers to improve their yields (Greater Sekhukhune District Municipality 2005), particularly in the face of changing weather patterns. Current estimates suggest that only 35% of the population have access to land for agricultural activities (Rule et al. 2005) and what communal land is available is subject to unsustainable use (Victor et al. 2005) . Productivity in the ecological system has also been decreasing, with a reduction in palatable grasses, wild foods, and traditional medicines (Victor et al. 2005) . Respondents reported a shift in local diets away from traditional foods. "People ate homemade food made from sorghum and ingredients collected from the mountain so they were healthier and there was less disease around. Now people are eating sugar, beef, and maize meal with chemicals added" (villager from Ga-Selala). However, it was unclear if the decline of wild foods was due to a decline in availability or a shift in preferences by local households.
The ecology of many endemic species means that connectivity in the ecological system was low to begin with. Seed dispersal tends to be over short distances and most plants reproduce by vegetative or tuber propagation (Victor et al. 2005 ). This makes it much more difficult for areas to recover from disturbance because of drought when land use changes through mining, commercial and subsistence agriculture have fragmented the system into smaller vegetation patches (Mucina and Rutherford 2006) . In agriculture, a lack of rural infrastructure means that small-scale subsistence agriculture is less able to recover from disturbance such as drought (Gbetibouo et al. 2010) . Although most commercial farms use irrigation systems to overcome drought, small-scale farmers use rainfed systems that have a greater vulnerability to drought, particularly if they rely on maize (Drimie et al. 2009 ). The ownership system in Sekhukhune District also contributes to fragmentation of the landscape. Land can be owned by the state, privately, or communally (Tefera et al. 2004 ) and each is managed differently for mining and urban expansion, commercial agriculture, or subsistence farming, respectively. Key threats to the agroecological base come through expansion of state land for mining and housing, overuse of resources by commercial farming, and overcrowding leading to degradation in communal areas (Zanner et al. 2004 , Victor et al. 2005 . Mining, urbanization, and commercial farming also put increasing pressure on water resources in the region (Zanner et al. 2004 ) and water scarcity is likely to be an increasingly limiting factor. If future climate change leads to increased variability in (Fauchereau et al. 2003 , Christensen et al. 2007 , then small-scale subsistence agriculture is likely to become even more marginal. Already respondents are reporting changes in weather patterns in the region. "There used to be more people farming in the past when rainfall was better" (villager from Mohlotsi); "The main changes since I was young are there are now hotter temperatures and more scarce rainfall. Seasonal variation is increasing and the timing of the rainfall is changing" (villager from Ga-Selala).
Many households lack the capacity to compensate for the losses in ecological and agricultural resources through alternative livelihood activities. Therefore, although farming is becoming increasingly limited by changes in rainfall and other land management and policy drivers, many continue to attempt to grow crops or keep livestock. Overall, therefore, the evidence suggests an increasing level of vulnerability in the agroecosystem in this district such that in the future it is likely that relatively minor climate perturbations may have commensurately larger effects on the food produced by the region. (Victor et al. 2005 , Zanner et al. 2004 . Bush encroachment on communal lands (Victor et al. 2005) .
Low dispersal and dominance of vegetative reproduction in native vegetation (Victor et al. 2005) . Cultivation, plantations, and mining has led to a loss of connectivity between vegetation patches (Mucina and Rutherford 2006) .
Decreasing palatable grasses, wild foods, and traditional medicines (Victor et al. 2005) . Perceived shift away from local foods in diets (qualitative data).
Agriculture
Mono-cropping at a commercial scale promoted by agricultural policy (Drimie et al. 2009 ). Small scale supplementary farming dominated by maize (Drimie et al. 2009 ).
Heavy reliance on rainfed agriculture (Stronkhorts and Pretorius 2008 ; qualitative data), which is slow to recover from drought (Drimie et al. 2009 ). Limited rural infrastructure (Gbetibouo et al. 2010 ; qualitative data). 
Individual capacity to adapt
The key stresses on household food security identified by respondents were economic, i.e., increases in food prices; environmental, specifically drought; and health or illness. Economic and environmental stresses tend to be factors external to the household to which people respond, whereas health stresses work internally to reduce the capacity of households to be food secure. Although the evidence suggests that agroecosystem capacity may be declining in Sekhukhune District, most respondents did not report it explicitly as a major stress factor. Instead, declining rainfall was considered a serious issue for households with almost every respondent mentioning a lack of rainfall or erratic rainfall as a problem. Interestingly, drought was perceived to work through various routes to impact on households, for example, by contributing to increasing maize prices in local markets, by reducing the quantity of food produced from home gardens, and by increasing the prevalence of disease. "Economic reasons and drought have caused prices to go up" (villager from Ga-Selala); "More money is available when it rains, because we get produce from our home gardens and save on water bills" (villager from Mohlotsi).
Increasing food prices were considered an important stress factor because the majority of households surveyed spent between half and three quarters of their income on food, making them sensitive to changes in prices. Health stresses caused by illness or deaths were also considered to have serious consequences for households because of the extra costs for treatments and medicines. "My son has epilepsy and medicines are an extra expense that causes problems" (villager from Mohlotsi).
It could also be particularly difficult if the ill or deceased person was the major income earner in the family. There was also perceived to be an increase in health problems caused by a change from traditional foods to a diet of more processed foods.
Ecology and Society 16(3): 2 http://www.ecologyandsociety.org/vol16/iss3/art2/ "Food makes people sick now because it contains chemicals whereas before the grandmothers used to make food" (villager from Mohlotsi).
Strategies to cope with or adapt to stresses draw on the range of assets and resources that households access (Adger and Vincent 2005), termed capital assets in livelihood studies (Carney 1998 , Scoones 1998 . Strategies were examined because they are a visible mobilization of adaptive capacity. The dominant asset that households in this study used was human, either through adjusting food intake or finding work to reduce the impact of a stress (Fig.  3) . Spending less money on food or eating less during difficult times could be considered reasonable strategies when stresses are temporary and infrequent (Thomas et al. 2005 ), but these responses are short-term because they can lead to depletion of assets and increased longer term vulnerability. Social networks were also important assets that households used to help adjust household food intake and to find work. Borrowing food or sending family members to eat with better-off family members were often used as short-term coping strategies to overcome periods of food insecurity. In the longer term, social networks were used to reduce the risks of migration for work. Having social connections in urban centers reduced the risks and costs for migrants by helping them to find work and providing a place to stay, allowing more money to be sent back to the household. However, it is likely that the process of migration interconnects rural and urban risks. Movement to urban areas can lead to increased urban risks, often because of insecure informal settlements on marginal land, such as increased fire and flood risk, increased prevalence of disease, marginalization, discrimination, higher levels of unemployment, and additional strain on basic services. Migration as a rural adaptation strategy, therefore, has the potential to generate greater vulnerability elsewhere, but evaluating these indirect vulnerabilities are outside the scope of this paper.
One source of assets that households in Mohlotsi and Ga-Selala used in times of stress is not included in the five capital assets of Carney (1998) and Scoones (1998) , i.e., that of institutional assets. Approaching the district for help, either directly or through support for community projects, or accessing government grants were both identified as strategies for dealing with difficult circumstances. Community projects were favored because villagers felt these had a better chance of being supported by government, although this perception was not supported by evidence of investment. These kinds of projects have potential because they benefit from the combined efforts of multiple actors and improved access to social, financial, and physical capital. Community projects also allow the risks of adopting a novel strategy to be shared, reducing the burden for individual households, and could potentially facilitate a transition from coping to adapting by providing more long-term strategies for dealing with stresses. However, even though many respondents believed such projects would provide the solutions to their problems, in reality most projects that have been instigated in the past failed because of a lack of investment or capacity.
The evidence for obtaining government grants for child support or as a pension for the elderly was far more widespread and successful. Many households were dependent on government aid and through such grants and pensions they could make up the majority of their income. Overreliance on these sources of income may have serious consequences for households as children grow too old to qualify for grants, or if elderly members die. Therefore, although they may reduce vulnerability initially, they may not be a long-term strategy.
Responses to stress are usually negotiated at the household scale resulting in a household strategy. This strategy usually consists of a range of actions, such as adjusting the household budget, migration, or accessing grants, which are then undertaken by individuals within the household. Diversification of activities at the household level can serve to reduce vulnerability by spreading the risks (Ellis 1998 (Ellis , 2000 and households who have diversified sources of income have been found to be more food secure (Rule et al. 2005) . In one case, a respondent diversified their activities by taking on home-based care work, joining community projects, and restricting the household spending in response to economic stress. In most cases however, different actions were undertaken by different members of the household to contribute to a household strategy, in particular migration by a, usually, male family member in search of work. This strategy, if successful, can bring significant benefits through reduced reliance on rainfed agriculture. Diversification can be a positive strategy for some households, but it is also possible that diversification can lead to 'maladaptation' if the strategies are unsuitable or unproductive in the face of stresses (Smit et al. 2000) . Fig. 3 . Probability of three significant strategies being used when experiencing a drought.
In the same way that households might undertake multiple actions in response to a specific stress, they also might undertake specific actions in response to a combination of stresses. To investigate this further, the stresses and response strategies identified by households were explored in more detail using the stated preference questionnaire and discrete choice analysis described in the methods section. Overall, the key result was that certain strategies were adopted by significant numbers of households when confronted by droughts or increases in maize prices but not for illness. More specifically, households were significantly more likely to adopt the adaptation strategies of accessing a grant or contacting the district for help, or the coping strategy of borrowing food, in the event of a drought (p < 0.05; see table 5). In contrast, only the coping strategies of eating elsewhere or eating less preferred foods were significant strategies for dealing with increasing maize prices (p < 0.05; see table 6). Households did not choose statistically significant strategies when asked how they would respond to multiple stresses, for example an increased maize price and an illness (p > 0.05).
The positive values of β in table 5 show that respondents were more likely to use these strategies during a drought. The positive values in α show that respondents generally found it difficult to borrow food or felt negatively about doing so, while the negative values mean that they felt positively about contacting the district or trying to access a grant. The probability of these three strategies being used was calculated based on the following equation.
(1)
Where P is the probability and U 1 i is the unobserved utility function.
Among the three strategies, trying to access a grant was the most popular (Fig. 3) . More than 67% of respondents said they would try to access a grant under nondrought conditions, but the probability increased to 80% during a drought, suggesting that the stress of drought drives greater demand for government support. Contacting the district and borrowing food were generally less popular strategies but the probability of these strategies being used in a drought increased by a similar magnitude from the nondrought situation.
Changes in maize prices were more likely to lead to members of the household choosing to eat Number of observations = 650 † Robust t values show the statistical significance of the parameters elsewhere (Table 6 ). The change in maize price was calculated based on the maize price per pack (average pack size 65 kg) that they had paid most recently. The positive value of β means that respondents were more likely to eat elsewhere when maize price increased. The positive value of α means that they generally felt negatively about doing so or found it difficult to eat elsewhere.
If maize prices were converted into prices per kilogram based on their most recent purchase (to overcome variations in pack size purchased between respondents), the strategy of eating less preferred food became significant (Table 6 ). The positive β means that respondents were more likely to eat less preferred foods when maize price increased. The positive value of α means that they generally felt negatively about doing so or found it difficult to eat less preferred foods.
The strategy of eating less preferred foods was a more popular strategy than eating elsewhere if maize prices remained stable (26% respondents chose eating less preferred food compared with 13% choosing to eat elsewhere). When maize prices per pack increased by 40 South African Rand, only 1.5% more respondents were likely to choose to eat elsewhere whereas nearly 5% more respondents chose to eat less preferred foods. Overall, households were less sensitive to changes in maize prices than they were to drought.
Although there is some evidence to suggest that respondents' exposure to stresses is likely to be increasing because of declining and variable rainfall, increases in food prices, and more health problems, the impact on their capacity to adapt to stresses is less clear. There are a range of short-term and long-term strategies that households use to deal with stresses, from eating less to accessing grants. At the same time, households do not seem to be developing or using specific strategies to deal with the multiple stresses that they face, suggesting a lack of capacity to develop or employ new strategies. It is possible that in response to multiple stresses, households are choosing different strategies based on their own priorities and available assets, so no one strategy is significant. The lack of a clear strategy across all households for dealing with multiple stresses may also be the result of a lag between the impact of multiple stresses being felt and the emergence of a specific strategy to deal with them.
Collective capacity of institutions
The capacity of local institutions to provide support for households was generally weak, constrained in part by what Bohensky calls the "lingering consequences of past management actions" (2008:12) . Under the previous homeland system, local government institutions were built around traditional chieftaincies (Aird and Archer 2004) Number of observations = 650 † Pack = average 65kg ‡ Robust t values show the statistical significance of the parameters before the post 1994 central government developed a democratic local government structure of wards, local municipalities, districts, and provinces with elected councilors. However, these new structures did not entirely replace the traditional institutions, which have endured the political transition and still retain some authority in rural areas, and instead have had to work alongside them. The coexistence of these two different governance structures has given rise to tensions and conflict because of differences in effectiveness and fairness, differences in local support, and confusion over their respective roles and responsibilities. "People don't understand the structure. The spheres of government are not clear to the public" (Integrated Development Plan officer).
Poor communication between levels of government, and between government and local citizens, were highlighted as barriers to adaptive capacity. There was frustration that government officials at ward, municipal, and district levels lacked information or authority to make certain decisions. At the same time, and likely because of this lack of clarity between the roles of government at different scales, people in the villages lacked awareness about who to approach with their problems or requests for support. As a result, there was the perception at the village level that their needs were not being met by these dual governance structures.
A second barrier to collective capacity was the mismatch in priorities between local government and local communities. Although the national discourse about the provision of resources such as water may have changed (Bohensky 2008) to prioritize those denied in the past, the reality was that the supply of resources such as water was still focused on the traditional recipients. The municipalities tended to focus on broad scale development opportunities with priorities to support water supply to commercial agriculture, tourism, and the mining sector. Local people were unaware of how their needs fitted into these broader plans and instead wanted direct investment aimed at generating local opportunities. Part of the problem was that local government did not consider it feasible or sustainable to support the agriculture schemes villagers wanted because there was not enough water to go around and priorities were being driven by national needs. However, these priorities were never effectively communicated to local communities. Instead, programs such as the public works program were developed to train and employ in infrastructure works, home-based care, and for the mining sector. However, the reality was that the public works program did not pay the participants and many found access to jobs in the mining sector extremely limited. "We used to get hired for temporary jobs like cleaning, cutting trees and fixing roads but now we are expected to volunteer" (villager from Mohlotsi); "It is difficult for people to get work in the local mines because the recruiter is from another village and so discriminates against us" (villager from Gal-Selala). http://www.ecologyandsociety.org/vol16/iss3/art2/ Where investments had been made in small-scale projects such as communal gardens and brick making, they had failed to become self-sustaining because of the lack of interest at the municipal level in providing long-term financial and management support. "Have you seen projects that help village people? There don't seem to be projects that really help people. The majority have negative impacts. The purpose of the project is not met and when handed over they are not sustained. People are not consulted first" (Municipal officer).
Although institutional capacity is limited in some sectors, others have seen improvements. Disaster management plans have been developed with advisory forums to improve procedures for reducing the risks of and improving the response to disasters such as fire, flooding, and disease outbreaks. Sekhukhune District has also been the location of a pilot Food Insecurity and Vulnerability Information and Mapping Systems (FIVIMS) project carried out by the national government supported by the Food and Agriculture Organization (FAO) to map livelihoods, poverty, food insecurity, and vulnerability to develop early warning systems and help target interventions (FIVIMS 2009). These improvements have the potential to provide support and assistance to help households cope during times of major stress but they are less likely to support households in terms of adaptation to changing weather patterns.
In summary, the capacity of institutions to support adaptation to stresses is generally low because of a lack of clarity in roles and responsibilities and limited communication across scales of governance. Although there is some institutional capacity to deal with major disasters or shocks, the capacity for dealing with current and chronic stresses is still lacking. "The fact that people have to migrate [for work] means that the real issues have not been addressed" (Municipal officer).
DISCUSSION
This study has examined the agroecological, individual, and institutional factors that influence household food security in Sekhukhune District in South Africa. By doing so, it is possible to construct a trajectory through the three dimensional space proposed by Fraser (2007) and Fraser et al. (2011; Fig. 4) . The evidence from literature, qualitative interviews carried out at local, municipal, and district scales, and quantitative analysis of the stated preference questionnaires suggests that vulnerability is moving toward the bottom far left corner of the cube as the agroecosystem's capacity to remain productive under changing weather patterns decreases because of a range of drivers, and because individual/household adaptation decisions are limited for multiple stresses, and institutional capacity faces some considerable barriers between the municipal and local scales. This suggests that future environmental stresses may overcome the natural resilience of the agroecosystem or households' own adaptive capacity, and that although in some ways they are better equipped today than in the past to avert crises, formal institutions are not structured to deal with chronic stresses. This research adds weight to the claim that vulnerability reflects multiple forces and processes, and that multiple stresses, which are agroecological, socioeconomic, and institutional in nature, need to be examined to understand vulnerability and to prevent maladaptation (Westerhoff and Smit 2009, Silva et al. 2010 ).
The results suggest that individuals and households may prioritize stresses to respond to them rather than choosing specific responses for multiple stresses. Our results show that households do not select specific strategies in response to scenarios that combine stresses, e.g., increase in maize price and illness, but they do when they are considered separately, except for illness where no strategy was significant. Households were more sensitive to droughts than to increases in maize prices or illnesses. They also tended to choose longer term adaptation strategies for dealing with drought conditions. This may well be because of the perception that drought is the result of a long-term decline in rainfall, a perception that is supported by recent research (Fauchereau et al. 2003 , Christensen et al. 2007 ). Households were less sensitive to increasing maize prices and tended to choose shortterm coping strategies when prices increased, possibly the result of short-term price fluctuations related to harvests and the quantity of maize available in markets. Although many were aware of the link between droughts and maize prices, it was not reflected in their sensitivity to the scenarios or their choice of strategy. It is possible that trade-offs are being made between the multiple stresses that people face (Parry et al. 2005 ) for them to select from available responses. It may also be the case that those trade-offs are different for different households resulting in no one strategy being preferred. It may also be that with exposure to new and unfamiliar combinations of stresses there may be a lag before new adaptive strategies can emerge, although whether such a lag exists is at this stage speculative. However, if a lag exists then these new combinations of stresses may overtax current adaptive strategies, reducing assets and increasing vulnerability in the longer term before it is possible for households to develop new ways of coping and adapting (Watts 1983 , African Development Bank et al. 2003 . The limitations of this research lie in the restricted scale and scope of the case study, which means that the implications of some of the results are speculative at this stage. The ability to scale-up the conclusions to draw general lessons on vulnerability to multiple stresses, considering tradeoffs and time-lags, will require a broader range of in-depth case studies.
The policy implications of this research are twofold. First, there is a need to protect remaining land from development by mining, commercial agriculture, or urbanization. Without this protection, land use change is likely to continue to cause declines in agroecological resilience. At the same time renewed focus is needed on communal forms of management to halt overuse and degradation in communal areas. However, uncertainty in tenure and extensive land claims present major challenges for both (Greater Sekhukhune District Municipality 2005) . Second, adaptation strategies at the village level must be embedded in and supported by adaptation planning at the local municipality and district level to address the potential conflicts that can contribute to increasing vulnerability of households (Thomas et al. 2005 ). One-off village level projects, with limited funding and no long-term support, are unlikely to be enough to increase the capacity of communities to adapt. Research by O'Brien et al. (2004) has shown that institutional barriers play an important role in preventing adaptation to multiple stresses. What is needed is a multiscale and integrated approach that links certain village level projects together, supports collaboration between institutions at various levels, and involves extensive engagement and deliberative decision making between a range of different stakeholders. This research has shown that currently a lack of http://www.ecologyandsociety.org/vol16/iss3/art2/ communication across scales, uncertain authority, and the tension between traditional and elected leaders all act as significant barriers to improving institutional, community, and household adaptive capacity in the district and also make an integrated approach difficult to implement. This paper also highlights the importance of the district scale in facilitating adoption of national policy. Much research on adaptation to climate change has focused on local projects or national priorities.
However, as this research shows, implementation of policy and support for vulnerable groups often happens, or does not happen, at the district level.
Strengthening local governance at the district level is therefore necessary to facilitate adaptation action and success.
The impact of water insecurity, rather than climate change, has emerged as a significant stress at all levels, i.e., village, local municipality, and district. Water resources are directly impacted by fluctuations and changes in the climate and future projected climate change is expected to negatively affect these resources significantly (Schulze and Tyson 1997 , Arnell 1999 , Schulze 2005 , de Wit and Stankiewicz 2006 . As a result, water stress will continue to be a major factor limiting agroecological resilience and individual adaptive capacity in Sekhukhune District in the future. A focus on water management options at all scales must therefore be a priority in adaptation planning.
CONCLUSIONS
The objectives of this paper were to identify the drivers of agroecosystem change, to understand the interaction of multiple stresses and how they impact on household adaptive capacity, and to determine the ability of local institutions to support individual/ household adaptation strategies in Sekhukhune District, South Africa. Declining and increasingly variable rainfall is a key driver of both the likely downward trend in agroecosystem resilience and continuing low levels of individual/household adaptive capacity. The impact of multiple stresses on household adaptive capacity remains unclear as households prioritize stresses. There may be a lag before new coping and adaptation strategies emerge, leaving households vulnerable to a reduction in their already low asset base. Further, research is needed to determine if new strategies will indeed emerge and what the consequences will be for household food security in the interim. There is evidence that institutional capacity for supporting households is growing for disaster preparedness but that the barriers between the local and district levels mean that institutional capacity to support adaptation to chronic stresses is lacking. What is clear is that understanding the context of and interaction between agroecological, household, and institutional conditions in complex systems is key to understanding vulnerability.
